The local gravity field strongly dependents on the vertical terrain deformation. 1 cm displacement implies about 3 µGal change in the vertical gravity acceleration. 
I. Introduction
In the absolute and relative gravimetry practices, a measured point is defined at a certain distance vertically above the ground benchmark. The free air gravity acceleration is a linear function of the altitude. The coefficient is about 3 µGal/cm. The stability of a local gravity field strongly dependents on the vertical terrain deformation. At present, the precision of state-of-the-art of the absolute and relative gravimetry nowadays approaches 1 µGal [3, 4] . For most of the geoscience applications, permanent gravity stations are installed in stable locations. As the base of the ICAG (International Comparison of Absolute Gravimeters) and a starting gravity point of certain geoscience organisations, the stability of the BIPM (Bureau International des Poids et Mesures) local gravity field is important. High precision leveling is an effective method to monitor the variation in height of the gravity stations. Associated with the ICAG in the past decades, irregular leveling measurements were performed.
High precision and repeated leveling measurements have been organized since 2001. Then a long-term program of pushing the ICAG towards a metrological Key Comparison (KC) of the CIPM (Comité International des Poids et Mesures) was initiated [1] . The result of a KC under the convention of the MRA (Mutual Recognition Arrangement) is recognised officially by the designated governmental organizations [2] . As a part of the construction of the Pavillon du Mail (PM in Figure 2 .1), a new gravity laboratory was built which is a halfburied hall,where the Site B comprises 7 stations ( In the following discussions, we first in chapter II outline the structure of the BIPM gravity-leveling network and describe the stations. We then introduce the organization of the leveling measurement and the relation between the BIPM local net and the French national height stations. Special attention is given to the evolution of the French height reference systems because of the complexity of the somehow co-existing references in France. In chapter III, we report the final results of the leveling missions 2001, 2005 and 2009 . By comparing the results obtained over the last decade, we investigate the stability of the BIPM gravity-leveling stations. We conclude that the existing and the new-built stations are stable for the purposes of the ICAGs and the WB project. However, it is suggested to repeat leveling measurements at least one more time for the WB site. This is the first time, the detailed and complete leveling data and results are published. After 32 years' organizing and holding the previous eight ICAGs, the BIPM has decided to hand over the KC ICAG2013 to other MRA designated organizations. This paper serves then as a technical and historical document of the previous leveling tasks associated with the so far ICAGs.
II. The BIPM gravity-levelling network

The gravity-levelling stations
In the BIPM yard, there are four individual levelling stations: two old national levelling points PBK3-360 and 361 and two new stations PBK3-360a and 361-I established in the 2009 mission by IGN [5] [6] [7] [8] [9] , cf. The Site of the WB laboratory is a renovated ancient laboratory located in the basement of the Observatoire building (OBS in Figure 2 .1). There are in total two leveled gravity stations (W1 and W2 with permanent benchmarks on the ground) and 4 leveling stations (W11, W14, W15 and W18 without permanent benchmarks). The W1 is in the gravimeter pillar of which the top surface is about 7 cm lower than surrounding ground surface, cf. 
Description of the stations
There are two kinds of benchmarks on the indoor and outdoor gravity-leveling stations cf. Figure 2. 2.3. The outdoor benchmarks made off bronze are buried in the top surfaces of the pillars of C1 and C2. The reference point is defined on the cross centre on the top surface of the benchmark. As for the indoor stations, a disk of 1 cm in height and 40 cm in diameter for B, B1, B2, B3 and B4 and of 45 cm for B5 and B6 are installed. The disk is glued to the ground surface and at the centre is a hole of 5 cm in diameter. Then a cover covers the hole. Both the disk and the small cover are made from aluminum. The reference point is defined as the cross in the centre on the top surface of the cover which is 1 mm higher than the top surface of the disk. 
III. The precision levelling between in 2001, 2005 and 2009
Repeated precision leveling measurements were carried out three times during the duration of 10 years in 2001, 2005 and 2009. The height results were not computed based on the same height reference systems. In this section, we first investigate the stability of the leveling stations at BIPM and then quickly review the height reference systems in France. We then convert all the results into the current French height system and finally make a comparison of the results to investigate if there were significant terrain deformations during the last decades.
Verification of the stability of the leveling stations and the starting values
The Table 3 .1.1, the difference between the previous measurement in 1968 and the new one is only 2.2 mm, which can be considered as height variation during the 41 years or simply the measurement errors. While that of the P.B.K3-360 is 6.6 mm. In addition, three new stations were established and two of them are in BIPM: P.B.K3-360a and P.B.K3-361-I (Figure 2 .1).
PB K3 360 
The French height reference systems and their interrelation
Special attention is paid to the evolution of the French national height reference systems. They are somehow coexist and used by different organizations in France. Users may be confused by the complexity and errors are likely to occur as in the ICAG 2005 height analysis earlier 2 .
The first leveling network was designed and measured under the direction of Adrien Bourdalouë from 1857 to 1864. The second one was the so called NGF-Lallemand (Nivellement Général de la France or French general leveling in English) by Charles Lallemand started in 1884 based on the macrograph recording of Marseille from the 1 Feb. 1885 to 1 Jan. 1897. The orthometric height system with theoretical gravity correction was adopted. 
The repeated height measurement results between 2001 and 2009
Since the ICAG2001, the precision leveling has been carried out by BRGM. Only the inner-stations in BIPM were leveled without linking them to the external leveling stations. The starting point and starting value are as illustrated in Figure 3 .2.1. The NGF-Lallemand leveling point is installed on the façade wall of the Observatoire building of BIPM and its value is 66.12m in NGF served as the starting value of the height measurement before the RGC2009. The same point in the IGN system is numbered P.B.K3-361 with its normal height value 66.4558m in IGN69. The difference between the two systems on this point is: IGN69-NGF=0.3358m, noting that the orthometric height in NGF is rounded off to cm. A back up point is shown in Figure 2 .2.4 numbered as P.B.K3-360 and the normal height is 66.0612 m in IGN69. . Unfortunately, we have not exact information now to allow a reliable conclusion. Nevertheless, 3 mm implies a change of 0.9 µGal in gravity which is lower than the repeatability of the gravimetry measurement between the ICAGs due to the measurement uncertainties between the site A and site B. On the other side, the in-door stations on the pillar site B can be considered as stable with respect to each other, only variations of 1 mm within the uncertainty of the leveling measurements. Therefore, the observed height changes should not disturb the relative and absolute gravity difference results on the B site which was the major location performing the ICAGs. An exception is the difference of the -18 mm of 2009-2005 for the station C2. As seen in Figure 2 .1, C2 is far from the main part of the net and about 20 meter lower ALTITUDE 66.12m
than the station B. The access is difficult especially when it rains. This was the case of the measurements of 2009. The fact that the C2 pillar was built in the soil surrounding by the huge trees made it unstable. From the Preparing the RGC2009, we realized that the significant difference of nearly 30 cm between the NGF and the IGN69. We then invited the IGN, official responsible of the height reference system in France, to make an investigation in the starting point and the corresponding values used for the earlier ICAGs/RGCs. The task was fulfilled in Dec. 2009 [5] . Some 13 national graded points within a 2 kilometer diameter zone around BIPM were carefully investigated and 4 stable points, including the point P.B.K3-361, were selected as the starting points of the adjustment of the IGN leveling measurements. The accessibility is rather difficult. BRGM performed a leveling profile through the stairs which are narrow and deep. But IGN performed a direct profile going through a little window of the basement. The latter seems a less disturbed operation. The difference of the height measurements for outdoor point C2 is 4.3 mm that may be caused by the difficult condition as discussed above.
The relief of the surfaces of the pillar B and the pillar WB
The top surfaces of the pillars of the sites B and WB are 4×6 m² and 2.5×4 m² respectively. It is interesting to point out that the surface of the WB pillar seems smoother than that of B pillar, see Figure 3 .3.1. The maximum differences in heights are for B pillar B1-B=1.39 cm while for WB pillar W2-W14=0.33 cm, noting also that the WB pillar is smaller than the B pillar. By Figure 3 .3.1, the contour map of B site illustrates a 'valley' from B to the mid-point of B4-B5. We cannot exclude the possibility that the B4 corner sunk about 1 cm, i.e. the pillar sloped down from the B1-B2 edge towards the corner of B4 after its construction. From the 
VI. Conclusions
Associated with the ICAGs, precision levelling missions were organised to check the stability in the gravitylevelling stations at the BIPM. Careful comparisons were made between these results. It is concluded that between 2001 and 2009 no deformations in height significantly beyond the repeatability of the gravity measurements (about 2 µGal) have been confirmed on the B and A sites, which were occupied by the absolute gravimeters during the ICAGs. It is therefore expected that the WB site be stable for the watt balance performance although it is suggested to perform at least one more levelling measurements when possible.
